This study examines the approach patterns of sharks in the vicinity of human divers, focusing on the diver's body orientation and a shark's distance from the sea bed when approaching the diver. A standardized video method was used to record the scenario of diver(s) kneeling in the sand while being approached by sharks. This showed that sharks had a preference to move in from outside a diver's field of vision while larger sharks stayed closer to the sea floor. This may simultaneously enhance camouflage while reducing potential escape routes for the approaching animal. This stealth behavior raises the question of how sharks may interpret humans when moving towards them.
Introduction
It is known that sharks have the ability to determine human body orientation [1] . We previously showed that given the opportunity, significantly more Caribbean reef sharks (Carcharhinus perezi) approached a person from outside his or her field of vision-in the diver's blind spot area-rather than from inside their visual field (p < 0.0001) [1] . In addition to determining the general direction of its approach, a shark also chooses a minimal approach distance, at which it turns away from the diver. This minimal approach distance likely indicates some kind of a personal sphere. This space has previously been described as the shark's idiosphere or inner circle, and ranges between 1.0 and 2.0 body lengths [2] - [4] . This distance may be equal to the flight initiation distance [5] - [7] , and may also be comparable to the border of the near-field water pressure detection in teleosts [8] - [10] .
In our initial study on approach patterns [1] , we evaluated the preference of sharks to approach from either in-side or outside the diver's field of vision. For standardization, we focused on sharks that swam just off the sea floor when approaching the kneeling test subject and ignored the sharks approaching from farther off the bottom [1] . A greater distance from the sea floor offers more freedom of motion for an approaching shark, and provides a greater number of escape routes. On the other hand, swimming farther from the bottom, or higher in the water column, likely makes a shark more visible due to the lighter background. Thus, a balance between potential escape routes and visibility might manifest itself in a shark's chosen swim path. The distance a shark chooses from the sea floor when approaching an object has not yet been quantitatively established. Therefore, this was the main focus of this study, to provide more insight into the concept of a shark's idiosphere [1] . Furthermore, the question is discussed how sharks may categorize an unfamiliar object-a human being-when in close range of it.
Materials and Methods
This study was conducted in November 2012, four years after our initial data was collected [1] . Besides using the same shark species, the Caribbean reef shark, we also used the same location in the Bahamas, consisting of a site with a sandy bottom, surrounded by coral reefs, and with an average water depth of 11 m. We used the same general setup as previously described [1] , but added more cameras to better evaluate a shark's distance from the sea floor. In total, we operated four cameras: three were positioned on the sea floor in a triangle formation with each corner 10 m from the center, where the test subject(s) were positioned; the fourth camera was positioned 10 m above the center of the triangle, held by a videographer.
Due to their possible interference with low swimming sharks, distributing vertical markers throughout the recording area was not feasible. Instead, a single stick of 2 m length was held in a vertical orientation by a testsubject to measure the approximate distance of a shark from the sea floor. This allowed estimation of the shark's position relative to the vertical marker as seen from the different camera angles rounded to the nearest 50 cm. Since we tallied only those sharks that swam within 5 m of the center of the recording area, the calculated approximation appeared sufficiently accurate.
In contrast, because horizontal markers were not expected to affect the swim patterns of the sharks, these were spread throughout the recording area and all horizontal measurements (shark's body length, absolute distance from the diver, and relative distance from the diver, expressed as a fraction of a shark's body length) were directly measured from the markers in the video clips using Pixelstick 2.3 (Plum Amazing) and rounded to the nearest 10 cm. Video evaluation was performed with either iMovie 8.0 (Apple®) or, if enhancements were needed for clarification, with Final Cut Pro X (Apple®).
To quantify a shark's approach direction, diver positions in both single and double-diver setups, followed our initial method [1] . In the single-diver setup, the diver was in a kneeling position in the center of the recording area looking in one direction, marked as the 0˚ line. The diver's visual field was then defined as the 90˚ sector to the left and right of this line. The corresponding 180˚ line, together with the two 90˚ sectors to either side was defined as the blind-spot area. Every shark was then tallied based on whether it approached in the diver's visual field or blind-spot area, in addition to all the measurements previously mentioned. In the double-diver setup, a second diver was positioned back to back with the first person, looking along the 180˚ line, thus eliminating the blind-spot area completely. In this case, the general approach areas of incoming sharks were still tallied with reference to the first diver's position. In order to ensure the results were not influenced by factors other than the orientation of the diver, the initial viewing direction of the test-subject and the center of the setup were changed for every test. Each test subject, chosen out of a pool of four divers, wore the same general outfit to minimize visual differences. Each test lasted 60 minutes, included both a single-diver and double-diver setups, taken back to back, for 30 minutes each.
Since meteorological circumstances are known to affect the behavior of sharks [11] - [13] , we kept controllable factors similar by selecting the same time of day, sky conditions, and minimum underwater visibility. Safety procedures for humans among sharks were followed as described in our previously established risk assessment [1] .
Because four years passed between our first study and this current work, it is a reasonable assumption that none of the sharks examined in the first study were still present in the area. As in our initial study, we did not tag sharks. We surmised that tagging is likely to alter shark behavior, since an animal must first be lured in close enough to apply a tag by spear gun or harpoon, or be caught by hook. Any of these procedures creates distress and pain among the animals [14] - [16] . Thus, it is likely that such a procedure would influence the later behavior of tagged sharks in the vicinity of a human being. Tagging would also not have been feasible, since any new and not previously tagged sharks would need to be ignored, or a subsequent capture attempted.
Results
During the course of this study, 201 encounters of sharks with divers were tallied. Significantly more sharks approached from the diver's blind side than from within his or her field of vision (p = 0.0003, n = 75). With a double-diver setup, thus eliminating the actual blind side, the distribution of approaching sharks was non-significant (p > 0.05, n = 126). Table 1 shows average lengths of sharks and closest relative distances to diver(s) for both setups. For comparison purposes, the corresponding data of the first evaluation [1] are also mentioned.
Slightly more than 41% of the sharks swam farther than 1 m off the sea floor when approaching the test-subject(s). However, larger sharks preferred to remain closer to the bottom than smaller sharks (p < 0.0001), independent of whether they moved in from the front or the back of a test subject.
Discussion
In order to assess the influence of diver position on shark behavior, we measured the orientation of a shark approaching a diver relative to the diver's field of vision and its height above the sea floor when approaching. In agreement with our previous study [1] , given the chance of freely approaching a single diver, significantly more sharks approached from the diver's blind side than from his or her field of vision, indicating that sharks were able to detect human body orientation, as was already known for other animals [17] - [20] . It remains unclear how sharks are able to determine a diver's body orientation [1] . Since nearly 59% prefer to swim very near-less than 1 m-from the sea floor when approaching the test-subjects, we suggest that the ocean floor is used as a form of camouflage, allowing the sharks to better blend in, whereas a mid-water approach may make them more visible against the lighter background, illuminated by the sky [21] . Approaching close to the bottom to reduce visibility reflects a typical stealth behavior [22] [23] . Such an observation could imply that sharks might categorize humans as a potential form of prey. However, if the shark's idiosphere does indeed reflect a flight initiation distance [5] - [7] , then humans can rather be categorized as some form of predator. Nevertheless, there is also the possibility that sharks assume humans to be neither a prey nor a predator and simply accept them as unfamiliar objects. It, therefore, remains unclear whether and how humans are categorized by sharks, but considering the low yearly incident rates between sharks and humans [24] , there must be some factors that hold sharks back from biting more frequently during encounters with humans. Interpreting humans as something unfamiliar can reflect why the majority of bites that occur throughout the year are of an exploratory nature [25] [26] , and thus the sharks may be attempting to find out what humans are. This suggests that a shark may not categorize the human as either a prey or a predator. However, it is also possible that some sharks assume one over the other, and that biting a person will then confirm or reject this assumption. Although this supposition seems plausible for sharks approaching from the blind side of a diver, it is less likely the case for sharks moving in from the front, because if the unfamiliar object reflects a potential predator, this will put an incoming shark in danger due to reduced availability of escape routes. At this point, a definitive answer to the question of how sharks may interpret humans is not possible and it can't be ruled out that different shark species, or even individuals within a species, likely have different attitudes toward divers, using contrasting ways of thinking. So, what might be seen as a potential prey for one shark might reflect a potential predator for another one.
A better understanding is needed how sharks interpret divers. Since sharks show learning behavior during such encounters, their understanding may alter and their assumptions shift from one category to another. Thus, in the future studies, animals may need to be singled out and their swim patterns in the vicinity of a diver observed for longer periods of time.
Approaching a person is a complex decision-making process for sharks, in which assumptions have to be made once a shark is in a visible range of the diver. This demands the ability to weigh several factors against each other and proceed with the best possible assumption under the given circumstances.
